Van der Voo, R. and Meert, J.G., 1991. Late Proterozoic paleomagnetism and tectonic models: a critical appraisal. In: R.J.
Introduction
For many investigators studying Precambrian tectonics there is little question that the plate tectonic paradigm explains many features of the structure, facies and tectonic regimes of the Proterozoic shields of the world. Especially for the Canadian Shield, publications dealing with Proterozoic sutures, continent-continent collisions and, by inference, seafloor spreading and subduction, are quite numerous (e.g. Camfield and Gough, 1977; Gibbet al., 1980; Hoffman, 1988 and the many references therein ). While paleomagnetic data have been influential in the documentation of plate tectonic processes during the Phanerozoic, there is hardly any firm support from fossil remanence for Proterozoic plate tectonic scenarios such as oceans closing between cratonic elements through subduction or for continent-continent collisions. For North America this is due, in part, to the difficulty of obtaining enough early Proterozoic (pre-Hudsonian) paleopoles from the different tectonic elements that constitute Hoffman's (1988) United Plates of America. After an early, and no longer viable, proposal invoking paleomagnetic support for a Grenville-Superior collision (Irving et al., 1972) and a controversial attempt to delineate plate convergence between the Superior and Slave provinces with paleomagnetic poles (Cavanaugh and Seyfert, 1977; Roy et al., 1978) , some workers have recently revived the issue with promising results (e.g. Symons, 1989) ; however, the evidence remains meager.
For other continents, paleomagnetists have been equally cautious and conservative in their interpretations of Precambrian apparent polar wander path in plate tectonic terms; exceptions are formed by the papers of Onstott and Hargraves ( 1981 ) , Onstott et al. (1984) , and McWilliams ( 1981 ) . Although others have argued as well that there is paleomagnetic support for Proterozoic relative motions (e.g. Burke et al., 1976) , the predominant sentiment has been that the assembly of tectonic nuclei within a shield, such as found in Africa, has been a relatively permanent Proterozoic feature (e.g. McElhinny and McWilliams, 1977; McWilliams and Kr6ner, 1981 ) . While such models, based on paleomagnetism, may envision limited rifting and separation between cratonic nuclei, and do not necessarily argue against the plate tectonic scheme, the mobile belts between the nuclei are envisioned to have had no appreciable seafloor spreading or subduction of oceanic crust: the orogenic belts fit the definition of ensialic orogenies (McWilliams and Kr6ner, 1981) . Kr6ner ( 1977 Kr6ner ( , 1980 Kr6ner ( , 1982 has summarized the tectonic models underlying this concept.
For a discussion of late Proterozoic plate motions, West Gondwana (Africa and South America) is a key continent: it is traversed by late Proterozoic (Pan African) orogenic belts that separate older nuclei; relative movements between these nuclei can be tested with a good paleomagnetic data set. In contrast, other paleomagnetically well-studied continents, such as North America and the Baltic Shield-Russian Platform do not provide opportunities to test late Proterozoic plate tectonic models, because even if they do contain younger Proterozoic mobile belts, these are generally located at the cratonic margins. While the models advanced by the paleomagnetists have generally not included large relative motions between Africa's cratonic nuclei, interpretations of geological features in plate tectonic terms have included arguments in favor as well as against. Many papers describe the Pan African mobile belts as being the result of plate motions and the formation of oceanic crust, i.e., as ensimatic orogenies (Black, 1978; Black et al., 1979; Barnes and Sawyer, 1980; Leblanc and Lancelot, 1980; Shackleton et al., 1980; Unrug, 1983; Andersen and Unrug, 1984; Porada, 1989; Key et al., 1989) , whereas others have argued against this and favored ensialic models (e.g. Shackleton, 1976; Kr6ner, 1977; Martin and Porada, 1977) . It is clear that at this time there is no consensus about the tectonic setting of the Pan African belts.
On a more global scale, it has been proposed by Piper (1976) that a single supercontinent existed for the entire Proterozoic interval and consisted of the Gondwanan, North American (Laurentian), North and East European (Baltican) and Siberian continental shields. The paleomagnetic evidence for this supercontinent has been presented most recently by Piper ( 1987 ) and incorporates all paleopoles for the Proterozoic, which in his model are presented as falling systematically on a common apparent polar wander path according to their assigned ages. The only allowance for relative motions made by Piper in this model ~s for a brief readjustment period around 1 Ga, when Baltica and Laurentia and East and West Gondwana fragments rearranged themselves into a modified configuration (Fig. 1 ). In contrast to the late Proterozoic supercontinent model, McWilliams ( 1981 ) has argued that the Paleozoic configuration of East and West Gondwana did not exist prior to the latest Precambrian-early Paleozoic Pan African orogeny. Fig. 1 . Cartoon of continental reconstructions of Gondwana (from Piper, 1987) for (a) times before 1000 Ma, and (b) late Precambrian-Paleozoic times after 700 Ma (or earlier; this reconstruction is called "Gondwanaland A" and is similar to that of Smith and Hallam, 1970) .
There are thus two outstanding problems for paleomagnetism to resolve, in so far as late Proterozoic time is concerned. First, it is a matter of great importance to discover whether or not there was large-scale relative motion between the major continental cratons and when this drift occurred (such as between North America and West Africa or between East and West Gondwana). Second, it is a matter of debate whether individual cratonic nuclei within a continent, such as Africa, underwent largescale relative motions with respect to each other. The evidence accumulated thus far from paleomagnetism and from other geological disciplines is conflicting, as discussed above.
To resolve such questions, a good paleomagnetic data base is necessary. A look at the available late Proterozoic paleopoles for Africa is very revealing and will form the first part of this paper. Evaluation of late Proterozoic data from the perspective of the much better studied Phanerozoic shows that the quality is generally too low to make any significant conclusions. The second aspect of Precambrian paleomagnetic analysis that we wish to highlight deals with problems in the construction of common global apparent polar wander paths, such as carried out by Piper ( 1987 ) .
Reliability criteria
There are three basic criteria for a good paleomagnetic paleopole determination that are generally recognized: structural control, age of the paleopole, and paleomagnetic laboratory treatment of sufficient samples. It should be noted that if some criteria are not satisfied, the paleopole may still be a valid record of the ancient field, while poles that meet more than the minimum criteria may occasionally turn out to be seriously in error because the magnetizations were erroneously diagnosed as primary and in need of structural correction. Beyond the three basic criteria, moreover, there is a wide variety of individual preferences, and even for the basic "requirements" mentioned above, the minima are not always uniformly set in the literature. The acceptable minimum in terms of the number of sites or samples, the allowable error limits on an age determination, and the minimum level of laboratory treatment (demagnetization) are all subject to variable rejection criteria, depending on the analysis performed. It is easier to know when a paleopole has been well determined than it is to know with any certainty that it is flawed.
In a recent paper (Van der Voo, 1990), seven reliability criteria have been proposed, in addition to a basic requirement that demagnetization must have been performed on all sampies. This last requirement excludes many early results in the 1950's and 1960's that were based on untreated natural remanent magnetizations (NRM's) only. Although these criteria are published, they are repeated here for completeness' sake. They are:
( 1 ) A well-determined age for the rock unit from which the results are derived, and a presumption that the magnetization is of about the same age. Our preference is that the age limits for Precambrian results should be set to + 4% or _+ 40 Ma, whichever is smaller, because any uncertainty range larger than that would diminish the usefulness of the result in terms of tectonic interpretations when the magnitude of typical apparent polar wander is taken into account. For a Precambrian rock unit of 2000 + 40 Ma, the total uncertainty of 80 Ma would imply an angular uncertainty of _+ 16 degrees, when a typical Cenozoic apparent polar wander water of 32 degrees per 80 Ma is assumed. This angular uncertainty corresponds to the maximum A95 discussed below for criterion 2.
(2) A sufficient quantity of entries (samples) and adequate statistical precision. Our preference is to have this criterion satisfied when the number of samples used is greater than 24, and the precision parameter, k (or K for the mean of virtual geomagnetic poles), is greater than 10.0 and alpha95 (or A95) is less than 16 degrees. Previous compilations have used smaller as well as larger limits; the specific numbers selected allow for a good number of paleopoles to satisfy this criterion.
(3) Adequate demagnetization. Results obtained without demagnetization of all samples should not be used for tectonic analyses and have not been included. However, even if demagnetization was performed, it cannot be assumed that magnetic components are appropriately isolated, e.g., in the case of blanket treatment in low alternating fields (AF) or using low temperatures only. Only when vector subtraction is performed, as illustrated by orthogonal vector diagrams (Zijderveld, 1967 ) , by the use of stereonets giving change in direction combined with intensity decay plots, or by principal component analysis (PCA; Kirschvink, 1980) , can one be assured that magnetic components are isolated as well as possible.
(4) Field tests that constrain the age of magnetization, such as the fold, conglomerate and contact tests, may not always be possible because of the limitations of outcrop and field settings. However if such tests are positive and statistically significant, they satisfy this criterion and, hence, make paleopoles more reliable.
( 5 ) Structural control, including a presumption that the area studied belonged to the craton or tectonic block involved, should be complete for this condition to be met. For orogenic belts, results from intrusives with ages older than the last tectonic phase or results from thrust sheets, that may have rotated, will not satisfy this criterion.
(6) The presence of reversals is a powerful test that enough time has lapsed for secular variation to be averaged. Moreover, antipodal reversals generally preclude a systematic bias caused by a small but unrecognized overprint. Although reversals are no guarantee that a rock unit is not remagnetized, they add reliability to a result and, hence, will satisfy this sixth criterion. (7) No suspicion of remagnetization and no resemblance to paleopoles from rocks of (much) younger age. Unless a fold test is available to constrain the (early) acquisition age of magnetization, such a resemblance is usually a strong indication that remagnetization has occurred. For older Precambrian resuits it will be difficult to meet this criterion, given that with increasing age and increasing apparent polar wander path length for younger times, the chance of resembling a younger paleopole also strongly increases.
Based on these criteria, an "information" (or quality) factor, Q, can be assigned to each paleopole that simply tells how many out of a maximum of seven criteria are satisfied. Even for the best-studied time intervals and continents, few paleomagnetic results satisfy all seven criteria; it is, for instance, extremely rare to find Early Permian rocks that show reversals. For the Paleozoic of cratonic North America, for instance, only 2 results have a Q=7 (Van der Voo, 1990) . Thus, we emphasize that these criteria, when satisfied, do add to the reliability of a result, but also stress that a result may still be reliable even if several criteria are not met.
As we will see later, no late Proterozoic resuits from Africa pass all seven (or even six out of seven) criteria. Others have noted similar problems with the Proterozoic paleomagnetic results (Idnurm and Giddings, 1988) . In a review of Australian Precambrian results, they state "... (our) criteria may be regarded as rather lenient. Despite this, application of the scheme to the poles allows only four poles to be regarded as key poles. In a dramatic manner, this emphasizes the generally low quality of Australian Precambrian paleomagnetic data".
The late Proterozoic paleopoles for Africa
We have compiled from the literature the available paleomagnetic results for African rocks whose ages are reported to fall completely or partly within the time interval of 1150 to 500 Ma (Table 1 ) . This is the interval of primary importance in testing tectonic models for the Pan African orogenic cycle, which begins after the Middle Proterozoic Kibaran and Irumide cycles. The 64 poles with ages ranges that overlap with this time interval are shown in Fig. 2a . Some paleopoles previously included in compilations for this interval are now known to be older. They have been listed separately in Table 1 .
When an attempt is made to construct an apparent polar wander path (APWP) through these poles, the first problem one encounters is that only 15 paleopoles are sufficiently well dated (Reliability column 1 in Table 1 ; Fig.  2b ). Several well dated poles for the cratons and the Pan African mobile belts fall between 460 and 630 Ma and are fairly scattered. Older well-dated poles have age groups around 1000 Ma for the Kalahari craton and around 800 Ma for the Congo craton (for outlines of the cratons, see Fig. 2a ). Thus, it is immediately clear that a meaningful comparison between the more reliable portions of the individual APWP's for the main cratonic nuclei of Africa (heavy lines in Fig. 2b ) is impossible, and that construction of a combined APWP for all of Africa has many degrees of freedom because of the large age uncertainties of the remaining paleopoles. The second problem is that the polarity of the paleomagnetic results is generally not known and, therefore, one faces choices between poles and antipoles in APWP construction. All results have been plotted in Fig. 2 in one arbitrarily chosen hemisphere, centered on ON, 340E.
The average Q factor for all 64 paleopoles of Voo, 1990) . It can be seen at a glance that the late Proterozoic median Q of 2.5 is much lower than the Phanerozoic median of 4.5. Thus, the reliability of the late Proterozoic African paleopoles is low not only because of dating inaccuracies, but also because the results meet few criteria such as those related to adequate demagnetization and structural control, let alone criteria based on positive field tests (only 2 poles satisfy criterion 4 in Table 1 ). Figure  2c shows the African late Proterozoic-Cambrian paleopoles with Q= 3 or greater. Welldetermined and approximate ages (if ranging over no more than 150 Ma) are indicated.
There is no clear pattern that emerges and one would be hard pressed to construct a common African APWP from this plot. We conclude from this brief description of the current African late Proterozoic data base, that APWP construction for Africa as a whole cannot be regarded as rigorous or even defensible for tectonic purposes. African late Proterozoic APWP's published in the literature can only be considered as meaningful in terms of first attempts at bringing order to the data; they can neither be used for analyses of relative motions between Africa and other cratons (e.g. McWilliams, 1981 ) , nor for tests of long-lived continental configurations of all the continental cratons (e.g. Piper, 1987) , at least for the time after 1150 Ma.
For Africa's three cratonic nuclei, it is possible to construct meaningful APWP segments (see Fig. 2b ) for short periods, but the three path segments thus obtained do not overlap in time and, hence, do not lend themselves to an analysis of relative motions between the three blocks.
What about the other Gondwana continents? We have already mentioned the opinions of Idnurm and Giddings ( 1988 ) about the Australian data; for South America, India, The entries in this table are for Precambrian tectonic elements as indicated. Age ranges are given (in Ma), followed by the age (in parentheses) for which the pole fits Piper's (1987) apparent polar wander path (as different from the radiometric ages quoted by Piper, 1987 Piper, , 1988 , followed by numbers to footnotes (given below) discussing age assignments and/or discrepancies. Pole coordinates have not been rotated; they are given for each cratonic element in its own geographic coordinate grid of the present-day. The reliability criteria ( 1-7 ) and Q are explained in the text. A " × " mark under any of the seven reliability columns means that this particular criterion is being met. Abbreviations: Lat. = latitude, Long. = longitude, k and a95 are the precision parameter and radius of the cone of 95% confidence, respectively ( Fisher, 1953 ) .
For footnotes see next page.
Footnotes to Table 1: ~With the decay constant of 1.42 the Rb-Sr age for these dikes is 1282 _+ 60 Ma, modified from that quoted in McElhinny et al. ( 1968 ) . The pole age (according to its location on Piper's 1987 APWP) is too old, whereas the correct radiometric age is listed in Piper ( 1988 ) . 2This pipe is intruded by a Post-Waterberg dike (rock unit 13) with age 1091 _+ 15 Ma, giving a minimum age; furthermore, Rb/Sr data (using a decay constant of 1.42) give an age of 1170 to 1220 Ma (see also Piper, 1988) , which agrees with the pole location in Piper (1987) . 3A minimum age of 1120 Ma (K/Ar) is cited in the original paper; Piper ( 1987 ) Piper's ( 1987 ) APWP at 1540 Ma is too old, but the pole location would also agree reasonably well with an age of 1170 Ma on Piper's APWP. The age of the Barby Lavas published by Hoal et al. ( 1986 ) has been adopted here and is 1190 + 38 Ma. SThe age of the lavas of the Koras Group (Florida Formation) is quoted as 1178 +_ 18 Ma by Allsopp et al. ( 1989 ) . 1989) as 1080_25 (combination of Rb/Sr whole rock errorchron and Rb/Sr isochron on 6The age of the Umkondo Dolerites has now been published (Allsopp et al.,
biotites from three samples).
TOne of the Post-Waterberg dikes yielded a Rb/Sr biotite age of 1091 _+ 15 Ma (Allsopp et al., 1989 ; see also footnote 2 ). A K / A t whole rock age of 1058 +_ 42 Ma supports this (McDougall, 1963) . The pole falls on Piper's ( 1987 ) APWP with an age that is too old. SPiper (1988) cites an age of 890 Ma (K/Ar); the pole falls on Piper's ( 1987 ) APWP with an age that is too old. 9piper ( 1987, 1988 ) uses the pole with structural correction applied, whereas the fold test is clearly negative; moreover, the pole listed in the original paper is in error. ~°Pole is misplotted by Piper ( 1987 ) , but without significant consequences for its age. ~The original paper cites an age of 653 Ma; Piper ( 1988 ) cites an age of 640_+ 70 Ma (Rb/Sr); the pole falls on Piper's ( 1987 ) APWP with an age that is too old. ~2The original paper cites an age of 900 to 1000 Ma (by lithological correlation ); the younger age of Piper ( 1987; may be correct but is unsubstantiated. ~3The original paper cites an age of 813 _+ 30 Ma (K/Ar), whereas Piper ( 1988 ) cites K/Ar ages of 820 and 960 Ma without sources; the pole falls on Piper's ( 1987 ) APWP with an age of 960 Ma that is unsubstantiated. ~4The original paper cites K/Ar ages of 803 and 806 _+ 30 Ma; Piper ( 1988 ) gives 810 and 860 Ma (K/Ar); the pole falls on Piper's ( 1987 ) APWP with an age that is clearly too old. ~SThe original paper cites K/Ar biotite ages of 743 _+ 30 Ma and the magnetization is interpreted as primary; Piper (1988) gives an age of 750 Ma (K/Ar); the pole falls on Piper's ( 1987 ) APWP with an age that is too young. ~6The original paper and Piper (1988) quote ages of 679-660 Ma (Rb/Sr), and state that pole NQ3 is younger than NQ2; the age determinations as well as the pole sequence have not been followed by Piper ( 1987 ) .
~7 40Ar/39Ar suggests 1.2 Ga age (Charlton, 1973 ); Piper ( 1988 ) gives K/Ar ages of 974-1213 Ma; the pole falls on Piper's ( 1987 ) APWP with an age that is clearly too old. l SThis portion of the Plateau Series (Mbala Formation of Andersen and Unrug, 1984) is older than the Abercorn Sandstone, which itself is intruded by the Mbala Dolerites (>648 Ma) according to Piper (1975b) . Thus this pole falls on Piper's (1987) APWP with an age that is too young unless one assumes a secondary magnetization age for which there is no basis• a~l'he original paper and Piper ( 1987 Piper ( , 1988 ) cite ages of 550-560 Ma (Rb/Sr); thus the pole falls on Piper's ( 1987 ) APWP with an age that is too old. 2°The original paper and Piper ( 1988 ) cite a Rb/Sr age of 500 _+ 17; thus this pole falls on Piper's ( 1987 ) APWP with an age that is too old. 2~Pole is misplotted in Piper ( 1987 ) ; it is shown as falling near 700 Ma, whereas the correct location should be near 750 Ma. 2ZThe original paper and Piper ( 1988 ) cite a Rb/Sr age of 1019 _+ 32; thus this pole falls on Piper's ( 1987 ) APWP with an age that is too old. 2aThe original paper and Piper (1988) cite a U / P b age of 616 _+ I 1 and K/Ar ages of 590-616 Ma; thus this pole falls on Piper's ( 1987 ) APWP with an age that is too young. 24pole is misplotted in Piper ( 1987 ) ; it is showing as falling near 615 Ma, whereas the correct location should be near 560 Ma. Antarctica and Madagascar, and also for China and Siberia the situation is even worse in terms of numbers of available paleopoles (see, e.g., fig. 3 of Irving and Lapointe, 1975 ) . If paleomagnetism is to make a contribution to global Precambrian tectonic and paleogeographic problems, the data base for Africa (or other Gondwana continents) must be improved to the levels of those for the Precambrian of North America (e.g. Irving, 1979; Piper, 1987) and the Baltic Shield/Russian Platform (Pesonen et al., 1989) . Table 1 for the late Proterozoic-Cambrian African poles (bottom) and, for comparison, for 252 North American and European Phanerozoic poles (top; from Van der Voo, 1990) . Note that the median Q is about 4.5 for the Phanerozoic dataset and only about 2.5 for the African late Proterozoic-Cambrian dataset.
Can a common APWP for a long-lived Proterozoic supercontinent be constructed?
As mentioned earlier, Piper (1976 Piper ( , 1987 has proposed that all continental nuclei were semi-permanently assembled in a supercontinent configuration (Fig. 1 ) , and has detailed the paleomagnetic support for this model in a series of figures (Piper, 1987 ) that illustrate the common APWP segments with the individual paleopoles.
It is important to note that the paleomagnetic approach to test such a configuration is different from that attempted in the previous section. Once a supercontinent configuration is selected, the paleopoles of all continental nuclei must fall on a common APWP for the duration of the supercontinent assembly, in contrast to an approach which constructs several APWPs for separate tectonic elements which then are matched to each other. Not only must the poles fall on the common APWP, their age ranges must also fit the general age assignments of this APWP. The latter requirement can only be considered as rigorous if many of the paleopoles are well dated; unfortunately, many of the Precambrian poles are not.
Given that many Precambrian paleopoles are very poorly dated, we wish to note also that the particular APWP constructed by Piper ( 1987 ) allows almost any paleopole location to be incorporated. To illustrate this, Piper's pole path (i.e., swaths of finite width) has been digitized, with polarities inverted so that all portions of the APWP for the entire late Archean and Proterozoic fall on one hemisphere. The many loops and swings of this APWP cover nearly the entire hemisphere. There is nothing objectionable to this: indeed, it is entirely to be expected if one assumes that the perambulations of the Precambrian continent(s) were probably random and may have covered the entire globe. However, since the areas which are not covered by the late Archean and Proterozoic APWP are very small (as shown in Fig. 4 ), this also means that an undated paleopole will always fall somewhere on the common supercontinental APWP! • .%.. Fig. 4 . Hemispheric plot of those areas (shaded) which are not covered by Piper's (1987) late Archean-Proterozoic APWP (actually a swath with finite width), in North American coordinates. Polarities have been inverted for some time periods, in order to use only one hemisphere. This swath, with many loops and swings, traverses almost the entire hemisphere, as would be expected for Precambrian continental motions. However, this figure also illustrates that an undated (Precambrian) paleopole can always be located somewhere on the APWP. Table 1 , are plotted if their rock age is in significant disagreement with the pole age, i.e., the age assignment from the apparent polar wander path segment on which they fall. Squares (triangles) represent poles that have a pole age greater (less) than the rock age (see footnotes to Table 1 ).
Ifa paleopole falls on an APWP segment, but with an age different from those assigned to that segment, it could be argued that either the supercontinent assembly is refuted, or that the paleopole's age (or location ) is incorrectly determined. To test this, we have estimated the age of the APWP segment appropriate for the poles of Table 1 , according to Piper's (1987) APWP for the supercontinent assembly and these age estimates are also listed in Table 1 (column 2). Of the total of 69 results (including the five older poles), 53 were used by Piper in his figures; several of the remaining paleopoles were published subsequent to Piper (1987) . Footnotes (e.g. 1, 4, 7, 8, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] 22, 23) are added for each of the sixteen results where this age estimate is in disagreement with the ages generally assigned to the paleopoles in the original literature or with the ages given in Piper's database ( 1988 ) . Seven of these 16 age discrepancies are for paleopoles with age constraints that meet criterion I. In addition, it was found that a couple of paleopoles were misplotted in Piper (1987) , but without serious consequences.
It is possible, of course, that some of the age discrepancies noted in Table 1 will disappear with further geochronological work, or that we have overlooked some already published documentation that would allow Piper to assign ages different from those given in the original papers. However, we have generally not been able to find any documentation or argumentation to that effect in Piper's books (1987 Piper's books ( , 1988 . In Figure 5 Piper's (1987) APWP is reproduced with those poles for which the radiometric (rock) ages do not match the ages assigned to the APWP segment on which they fall. It should be noted that the magnetization of a pole that falls on a younger segment may always be inferred as secondary; in contrast, a pole that falls on an APWP segment that is older than the rock age is more difficult to explain. The occurrences of the latter are listed in the footnotes; particularly pole numbers 32, 34, 38, 45, 46, 50 and 60 are noteworthy, al- though not all of these rocks are sufficiently well dated. Thus, we reiterate that it is not the issue at this time whether some or all of Piper's hypothesis is right or wrong, but rather that the scientific basis for a strong defense of the late Proterozoic unity of Africa and the Precambrian Supercontinent is not very substantial, because magnetization and age precision are lacking for more than 75% of the paleopoles, whereas in about 20% of the cases the paleopole age does not agree with the age assigned to the APWP segment on which it falls.
It appears, then, that at least for Africa's late Proterozoic-Cambrian paleopoles the fit between them and the common supercontinent APWP is only marginally successful. The bestdetermined Precambrian APWP is for the North American craton and it is clearly recognizable in Piper's path; the true test of the supercontinent assembly rests with the data from the Gondwanan and Asian tectonic elements. Since Africa has arguably the most abundant Precambrian paleopole dataset of all Gondwana continents, the partial failure of its late Proterozoic poles to match the common supercontinent APWP may be taken as a sign that the supercontinent hypothesis cannot yet be regarded as more than marginally supported on paleomagnetic grounds.
Conclusions
Late Proterozoic-Cambrian paleopoles for Africa, with ages falling fully or partially within the interval 1150-500 Ma, have been compiled to assess their use in the testing of tectonic models (e.g. McWilliams, 1981; Piper, 1987) . We conclude that the database is neither reliable enough to construct a common APWP for all of Africa, nor abundant enough to construct any but short APWP segments for the individual cratonic nuclei (Kalahari, Congo, West Africa). The dataset comprises 64 paleopoles, only 26 of which have a quality factor (Q) higher than 3, and only 15 of which have sufficiently well-determined ages. While this does not imply that the tectonic models discussed in this paper are wrong, it does mean that paleomagnetic support for them is generally insufficient and that further work to obtain high-quality paleomagnetic results with accurate age determinations is urgently needed.
